On 11 December 2012, a wind gust caused an F0-intensity wind damage in the Shonai area, Yamagata Prefecture, Japan. This paper provides an overview of an anticyclonic misocyclone (i.e., anticyclonic circulation in the Doppler velocity) related to a wind gust from X-band Doppler radar data. The anticyclonic misocyclone was embedded within a cell with a spiral echo diameter of approximately 3−4 km. The misocyclone over the Sea of Japan moved southeastward at a speed of 11 m s −1 , made landfall, and passed over the damaged area; this timing is consistent with the Japan Meteorological Agency (JMA) wind damage assessment. Over the damaged area, the diameter of the misocyclone in the Doppler velocity was estimated to be smaller than 893 m, and the peak tangential wind speed and the vorticity of the vortex were estimated to be at least 8 m s −1 and −3.6 × 10 −2 sec −1 , respectively. This study discusses various possible explanations for the relationship between the misocyclone and wind gust and provides a first over view of a wintertime anticyclonic misocyclone associated with a surface wind gust on the coast of the Sea of Japan and may provide useful insights to the understanding of wintertime vortices.
Introduction
On the coast of the Sea of Japan, winter cloud systems are often accompanied by gust-generating cells. Damages caused by wind gusts on the coast are often reported in winter, as well as many eyewitness evidences of funnel clouds over the Sea of Japan. Recent observations with Doppler radars on the Sea of Japan revealed the existence of circulations aloft that were associated with wind gusts or waterspouts in winter Inoue et al. 2011; Inoue et al. 2016; Kusunoki et al. 2017; Onomura et al. 2017 ). The circulations in those studies were referred to as misocyclones since their dimensions were less than 4 km (i.e., circulations with a diameter between 40 m and 4 km; Fujita 1981) . Among those studies, Kobayashi et al. (2007) documented a radar-observed misocyclone within a parent cloud over the Sea of Japan and a visible waterspout funnel cloud connected to its cloud base. Inoue et al. (2011) , Inoue et al. (2016) , and Onomura et al. (2017) pointed out that misocyclones have been associated with wind gusts which were confirmed by damage surveys and/or surface wind observations. Kusunoki et al. (2017) investigated the vertical structure of a landfalling misocyclone at about 100−1000 m above the surface.
On 11 December 2012, a wind gust caused an F0-intensity wind damage in the Shonai area (Yamagata Pref., Japan) on the coast of the Sea of Japan. A misocyclone moved over the Sea of Japan, made landfall, and passed over the damaged area by an X-band Doppler radar. Although the parent clouds contain cyclonic misocyclones in all previous studies mentioned above, the misocyclone in this case revealed an anticyclonic circulation. The direction of the rotation is one of the most important features of a parent circulation aloft such as misocyclones (< 4 km in diameter) and mesocyclones (> 4 km in diameter), which reflects the origins of the vortex and affects the genesis and intensification of tornadoes. For example, it is well known that especially strong tornadoes are usually formed from supercells, which contain cyclonic mesocyclones at midlevel that precede tornadoes (Smith et al. 2012) . Conversely, most mesoanticyclones (i.e., an anticyclonically rotating vortex) do not spawn any tornadoes (Monteverdi et al. 2001; Dostalek et al. 2004; Edwards et al. 2004) . For non-supercell tornadoes, only a few previous studies have confirmed the anticyclonic parent circulations (i.e., misocyclones) of waterspouts (Golden 1974; Wakimoto and Lew 1993; Sugawara and Kobayashi 2008) . To our knowledge no other study has revealed details of the evolution of an anticyclonic misocyclone, except for Sugawara and Kobayashi (2008) in the case of a springtime waterspout over Tokyo Bay in Japan.
The purpose of this study is to provide a first qualitative overview of a wintertime anticyclonic misocyclone related to a surface wind gust on the coast of the Sea of Japan. This is unique since no previous study has ever presented in Japan regarding anticyclonic parent circulation associated with a wind gust strong enough to cause damage. Despite the difficulty in evaluating the dominant processes responsible for the genesis and structure of a wind gust, the results of this study could be valuable as an additional case study to understanding wintertime vortices associated with wind gusts on the coast of the Sea of Japan.
Data sources

The JR EAST X-band Doppler radar
High-resolution observations of strong gust phenomena have been performed over the Shonai area (Kusunoki et al. 2008) . The main observation equipment used for this project includes the two X-band Doppler radars and the network of automated surface weather station sites. The gust-generating cell in this case moved along the northern edge of the study area and did not pass over the region of the surface observation network. However, the Doppler radar measurements from the JR EAST X-band Doppler radar (JR-E radar; highlighted below) that was located closer to the cell, provide the unique data used in this study.
The JR-E radar (non-polarimetric) was installed at the JR Amarume station in Shonai Town in March 2007. The radar has a 30 km observation range, a 2.0° beamwidth, 0.7° azimuth resolution, and a pulse length of 0.5 micro-sec providing independent data points every 75 m in the range. Since it is necessary to observe wind gusts successively, the radar is operated in a single PPI mode at the lowest elevation angle to provide reflectivity and Doppler velocities as close to the ground as possible. The single elevation angle is 3.0° and the scans are taken every 30 seconds.
The damage survey
The JMA wind-damage assessment reported that an F0-intensity wind damage occurred around 9:30 local standard time (LST) on 11 December 2012, in Yuza town, Yamagata, in Japan (JMA 2012). The type of wind gust was not identified. The damage (with a width of about 100 m and a length of about 150 m) was minor around 9:40 LST. The trajectory of the anticyclonic misocyclone is shown in Fig. 4 . An enlarged view of the Doppler velocity focused on the damaged area is shown in Fig. 5 . To examine the relationship between the damage caused by the wind gust and the misocyclone signature aloft, the location of the damaged area and the mean direction of the misocyclone are superimposed. The height of the center of the vortex, which reflects the distances between the vortex and the radar (24 km) and the elevation angle (3.0°), is approximately 1300 m. The azimuthal resolution, which varies with distance from the JR-E radar, was approximately 315 m over the vortex at a 0.7° azimuth sampling interval. Note that the extreme data points are at the adjacent azimuths. This result is relevant in which the diameter of the misocyclone is smaller than the size of the effective beamwidth. Under such conditions, the Dopplerindicated diameter of the vortex would overestimate the true diameter of the vortex, while the Doppler-indicated peak wind speed would underestimate the true peak wind speed (e.g., Burgess et al. 1975; Brown 1998; Brown et al. 2002) . In the case of this study, the diameter of the misocyclone is estimated to be smaller than 893 m over the damaged area, which considers the effective radar beamwidth of 2.13° (Inoue et al. 2011) . The peak tangential wind speed (Vt) and the vorticity of the vortex during passage over the damaged area are estimated to be at least 8 m s −1 and −3.6 × 10 −2 sec −1 respectively, where Vt is half the difference between the Doppler velocity maximum (Vmax) and minimum (Vmin) at nearby azimuths in the couplet associated with the vortex. The diameter of the vortex (R) is the distance between Vmax and Vmin, and the vorticity is 4 Vt/R. As shown in Fig. 5 , the damage caused by the wind gust at around 9:30 LST was located within the area of the misocyclone at a height of 1300 m at 9:30:40 LST. Therefore, there is no doubt that the damage was caused by the wind gust associated with the anticyclonic misocyclone; however, the structural relationship between the wind gust and misocyclone is not revealed because of the lack of radar data available for examining the low-level features. In addition to the under-or overestimation in the magnitudes (such as Vt and R), it should be noted that these values would be further affected by the position of the radar beam center relative to the exact center of the mesocyclone (e.g., Wood and Brown 1997; Burgess et al. 2002; Toth et al. 2013; French et al. 2014) . Since these values would fluctuate in the observation period and therefore those time variations would be quantitatively inaccurate, it is beyond the scope of this paper to investigate the time evolution of the misocyclone.
Doppler Radar Observations of a Wintertime Anticyclonic Misocyclone Associated with Surface Wind Gust on the Coast of the Sea of Japan
Discussion
This section discusses the possible explanations for the relationship between the wind gust and misocyclone. One possibility and consisted of light structural damage to one house and two outbuildings and some tree damage. A mapping of the damage showed no evidence of rotation or convergence. Visual evidence corresponding to wind gust such as funnel or debris swirl was not available.
Synoptic and mesoscale conditions
On 11 December 2012, an almost east-west pressure gradient (the typical pattern when the winter monsoon prevails around Japan) appeared between a strong Siberian high and a cyclone over the Pacific Ocean. The pressure gradient was not large, and it is indicated that the northwesterly monsoon was weak. Geostationary Meteorological Satellite (GMS) imagery indicated many cellular-like clouds, which is a typical pattern when the winter monsoon prevails over the Sea of Japan (Fig. 1) . According to the JMA C-band radar located at Akita (39.7178°N, 140.0994°E), echoes associated with the cellular-like convective clouds advected southeastward and made landfall on the coastline of the Sea of Japan (Fig. 2 ). Figure 3 shows PPI scans of reflectivity and Doppler velocity of the cellular convection associated with the misocyclone from the JR-E radar before landfall and during its passage over the damaged area. The reflectivity of the cell from the JR-E radar revealed a spiral echo with a scale of 3−4 km, which was not resolvable by JMA radar and was associated with an anticyclonic circulation in the Doppler velocity field. While some ambiguities remain due to aliasing contamination and complicated circulation patterns in and around the vortex, couplets of inbound and outbound Doppler velocities associated with the anticyclonic vortex are revealed in this figure (within the solid black circle) . The diameter of the vortex from the Doppler velocities (i.e., the peak wind diameter of the vortex, hereafter diameter) is up to approximately 1 km; therefore, it is considered to be a misocyclone based on the classification (Fujita 1981) . The spiral echo moved into a radar range at 9:15 LST over the Sea of Japan, followed a southeasterly direction at a speed of 11 m s −1 , and made landfall on the coast between 9:29 and 9:30 LST. From 9:25 LST, the misocyclone embedded within the spiral echo was clearly visible as a rotational couplet from the Doppler velocity. The misocyclone passed over the damaged area at around 9:31 LST, which is consistent with the location and timing of the damage from the JMA wind damage assessment. After 9:34 LST, the anticyclonic circulation in the Doppler velocity field became increasingly unclear and then disappeared at is that the vortex originated from horizontal shear instability over the Sea of Japan and might have been stretched and extended upward from the surface (i.e., non-supercell tornadogenesis; Lee and Whilhelmson 1997) . Similar to the case study presented by Inoue et al. (2011) , the vortex might not vary significantly with height as a columnar vortex. Note that the damaged area is located on the northern part of the misocyclone, which moved southeastward (Fig. 5) . This is consistent with the notion that the maximum wind speed must occur on the left-hand side (with respect to its motion) of the vortex. The surface wind gust should align with the track of the misocyclone-at least partly-in this hypothesis; however, the wind damage was extremely localized with a width of 100 m and a length of 150 m (Section 2.2). The reason for this difference is unclear because there is uncertainty that the misocyclone passed over a rural area with few structures. An alternative view is that at lower altitudes, a vortex might intensify by shrinking to one order smaller than the radar-observed misocyclone aloft (i.e., approximately 1000 m) and then induce the damage. Except for details, the process proposed here is similar to the case study of Kusunoki et al. (2017) in which the intensification of the vortex accompanied by the shrinking of the diameter was observed at a lower altitude.
Overview of an anticyclonic misocyclone within a cellular convection
Another possibility is related to supercell tornadogenesis. In that case, a tornado might form from the misocyclone, touch down, and induce damage. However, in this case, the weak winter monsoon environment under which the misocyclone formed from a cellular-like cloud (see Figs. 1 and 2) would not normally be considered favorable for supercell development.
Moreover, further study will be required by using observation and numerical model with more vertical resolution to confirm and refine the ideas presented in this research.
Summary and concluding remarks
In this study, the overview of the anticyclonic misocyclone associated with the F0-intensity wind damage was documented from the X-band Doppler radar data. The misocyclone was embedded within a spiral cell, moved southeastward at a speed of 11 m s −1 , where it made landfall, and passed over the damage area; the timing is consistent with the JMA wind-damage assessment. Over the damaged area, the diameter of the misocyclone was estimated to be smaller than 893 m, and the peak tangential wind speed and the vorticity of the vortex were estimated to be at least 8 m s −1 and −3.6 × 10 −2 sec −1 , respectively. Unfortunately, in this study, the availability of information for understanding the evolution of the misocyclone is limited, and it is debatable how it would lead to the surface wind gust. One of the limitations is the lack of information on the vertical features between the wind gust and misocyclone. Other issues include the lack of quantitative accuracy from an insufficient spatial resolution of the Doppler velocity data, which is crucial in understanding the evolution of misocyclones. It should be emphasized that this study covers just one case study, and the results should be regarded as relatively qualitative; therefore, this research is considered very preliminary. Nevertheless, the results may provide insights to understanding winter vortices associated with wind gusts on the coast of the Sea of Japan.
